SUMMARY As part of the Ni-Hon-San Study, stroke incidence was compared in the Japan and Hawaii cohorts. Stroke cases were classified in two types, intracranial hemorrhage (ICH) and thrombo-embolic stroke (T-E). For each type the incidence in Japan was about three times as great as in Hawaii. The ratio ICH/T-E was 1/2.2 and 1/1.6 in Japan and Hawaii, respectively. Blood pressure was the most important risk factor, followed by age for total stroke in both Japan and Hawaii. Proteinuria was also a risk factor in Hawaii. Conversely, an index of animal food intake was inversely related to total stroke, significantly in Hawaii, and at a suggestive level for total and hemorrhagic stroke in Japan.
IT HAS BEEN REPORTED THAT MORTALITY from ischemic heart disease in Japan is low compared with that in the United States and, conversely, that mortality from stroke is higher in Japan.' It is uncertain whether this difference is attributable to genetic factors or environmental factors.
In order to examine the relationship of ischemic heart disease and stroke to environmental factors, a large-scale epidemiologic cohort study (Ni-Hon-San Study) was begun in 1965 on males in Japan (Hiroshima and Nagasaki) and Japanese-American males resident in Hawaii and in the San Francisco Bay Area of California in whom the difference in genetic factors is minimized and variation in environmental and lifestyle factors is large. 2 The comparative incidence of ischemic heart disease has been reported previously. 34 However, the stroke study was begun later because of delayed participation of the neurologist in Japan, where the prevalence determination was made at the time of examination in 1972-74. Prevalence in Japan in this period and that in Hawaii and San Francisco at the time of the examination in 1965-68 were compared, and it was reported that stroke prevalence in Japan was three times as high as that in the United States. 5 Subsequent follow-up has now made it possible to compare incidence in Japan for the four years from 1972-74 with that in Hawaii for the six years from 1965-68. Comparable follow-up for stroke was not carried out in the California study.
Subjects and Methods
The study subjects are composed of 1,366 males aged 45-69 years in Japan who were examined during the two years beginning in October 1972 and were found not to have stroke at the time of examination and 7,895 Japanese-American males 45-68 years in Hawaii who were examined during the three years beginning in 1965 and were found not to have stroke at the time of examination. Observation periods were four years and six years respectively.
Uniformity of diagnostic standards is very important for comparing stroke incidence in different cohorts. In this study, those men who answered " Y e s " to the question "Have you ever had a stroke?" and those with positive neurologic findings at the screening examination by the clinic physicians were referred for evaluation by the neurologists (Y.T. in Japan, J.S.P. in Honolulu). For cases who died between regular examinations, except those that came to autopsy, a detailed questionnaire (Mortality Surveillance Questionnaire) was mailed to the physician who prepared the death certificate (in Japan), or check was made against the hospital record (in Hawaii) for accuracy of causes of death.
In order to achieve comparability of stroke diagnosis, the same criteria were carefully followed in both sites. Stroke was diagnosed on the basis of clinical history and neurological findings in the neurologist's consultations which were obtained similarly in both cohorts. Results of laboratory tests or diagnostic procedures in hospitals, such as EEG, cerebral angiography, brain scans, CT scans, etc., were not made available to the neurologists since these tests were rarely used in the Japan cohort. Even in autopsy cases, the post-mortem findings were eliminated, and the clinical pictures before death were used for diagnosis.
This approach insures comparability in those subjects diagnosed by neurologists at the two sites, but eliminates many of the incidence cases when the diagnoses were based on hospital records and/or laboratory information, particularly in the Hawaii cohort in which the majority of patients suffering cerebrovascular accidents are hospitalized. Full incidence figures for strokes in the Hawaii cohort have already been published separately. 6 Stroke cases were classified by reliability into two grades, definite and possible. Definite stroke was diagnosed in cases with relatively sudden onset of a neurological deficit which was obvious in the neurologist's consultation or in records of the physician's findings. Duration of the neurological deficit of at least two weeks (or until death) was required. When the exact duration of a neurological deficit was shorter than two weeks but at least 24 hours, or of unknown duration, possible stroke was diagnosed. The study neurologists found no residual signs in most of the latter cases.
Strokes were roughly classified into two sub-types, intracranial hemorrhage (ICH) and thrombo-embolic stroke (T-E). Intracranial hemorrhage combined intracerebral (hemorrhage and subarachnoid hemorrhage because there were cases which could not be distinguished. When lateralizing signs developed, it could often not be determined whether they were the result of vasospasm or the direct effect of hematoma.
Relatively sudden onset of unconsciousness developing during activity, usually with headache, vomiting, nuchal rigidity, fever, and focal neurological deficits, was classified as intracranial hemorrhage. Thrombo-embolic stroke was diagnosed when neurological deficits occurred in the resting or sleeping state, usually without prolonged unconsciousness. More detailed diagnostic classification could frequently not be made because there were cases where clinical followup or detailed examination could not be conducted.
A brief comparison of the results of diagnosis independently made by the neurologists at the two study sites was done by exchanging the same data (26 cases). 5 The diagnoses in 21 of these cases (81%) were in total agreement, and 96.2% were in accordance if difference by one grade is accepted. Table 1 shows stroke cases by reliability of diagnosis and type.
The follow-up for death of the study cohorts practically 100% in Japan by checking against compulsory family registration system in Japan and nearly so in Hawaii and re-examination rate between the two successive clinical examination is very high over, 90%. Thus, person years at risk was computed by multiplying the number of subject at risk and average In the analysis comparisons of means were made after age-adjustment by the direct method except where otherwise specified. Appropriately weighted tests were used. Tests of uniformity and linear increasing tendency were made with the Mantel-Haenszel x 2 statistic by calculating age adjusted incidence by level of each factor. Multiple logistic regression was used for multivariate analyses, the regression coefficients being estimated by the method of maximum likelihood. Absolute coefficients of risk factor in the two cohorts were compared and tested by t-test using standard deviations of absolute coefficient. Table 2 shows the average annual incidence (per 1,000 persons) by age (five-year age groups). The ageadjusted stroke incidence rate (total of definite and possible cases) in Japan is 7.4 per 1,000, approximately 2.7 times as high as that in Hawaii. Examined by age, the incidence in Japan is higher than that in Hawaii in every age group above 50, and the differences are statistically significant.
Results
With the exclusion of possible cases, the incidence rate in Japan is 3.1 times as high as that in Hawaii as shown in table 3. In Japan the ratio of ICH cases to T-E cases was 1/2.2; in Hawaii the ratio was 1/1.6, the number of T-E cases being larger than that of ICH in both. The incidence rate of intracranial hemorrhage in Japan is 3.1 times as high as that in Hawaii; and the incidence rate of T-E strokes in Japan is 3.4 times as high as that in Hawaii (table 3) . However, accurate comparison by type is compromised by the existence of three cases (4.2% of 71) of unknown type in Hawaii.
Means of 15 variables determined at the baseline examination were compared between non-stroke subjects and those who subsequently developed ICH or T-E stroke in order to identify the risk factors for Japan and Hawaii ( and diastolic blood pressure, serum cholesterol, hematocrit, relative body weight, number of cigarettes per day, and nutrient intake per day such as total calories, animal and vegetable protein, saturated and unsaturated fat, simple and complex carbohydrate, and alcohol. Calories per kg of body weight was also included as a possible index of physical activity.
In Japan, variables which show significantly higher means for ICH are limited to systolic and diastolic blood pressure. For T-E both blood pressure and cigarette smoking appear to be higher among cases. The data also suggest an excess relative body weight among the cases. Conversely, intake of protein, particularly animal protein, and fat, particularly saturated fat, is lower for T-E than for non-stroke subjects. Total calories and calories/kg also show lower means for T-E.
In Hawaii, both systolic and diastolic blood pressure are again noted to be significant risk factors for ICH. Conversely, serum cholesterol and intake of animal protein, saturated fat and calories/kg are lower for ICH patients. For T-E, systolic and diastolic blood pressure is higher, but intake of protein and fat is lower than that for non-stroke subjects.
Next, dose-response for each of the above-mentioned major risk factors was presented as relative risk of incidence (age adjusted) in each level group to the incidence in the lowest level group by classifying stroke by type into ICH and T-E stroke. As shown in figure 1, significant elevation of incidence of ICH and T-E stroke was observed with increase of systolic blood pressure both in Japan and Hawaii.
Negative association was observed between intake of animal protein and fat, especially saturated fat, and incidence of ICH and T-E stroke (figs. 2 and 3). It was particularly remarkable at very low intake group. An association of simple and complex carbohydrate with ICH and T-E stroke was not evident.
A consistent association of serum cholesterol with ICH and T-E stroke was not evident in either Japan or Hawaii in general ( fig. 4) . However, in Japan the relative risk of ICH and T-E seems high in both extremely high and low serum cholesterol level (U-shape).
A negative association was observed between ICH and T-E stroke and calories/kg in Japan, though it was not statistically significant, but no such association was observed in Hawaii ( fig. 5 ).
As some of the risk factors examined by univariate analysis are correlated with each other, a multiple logistic function analysis was performed in order to determine the role of each one of the risk factors while, in effect, holding the others constant. Twelve variables which appeared to be significant risk factors through univariate analysis were chosen and standardized coefficients of risk factors for stroke, i.e., both intracranial Both in Japan and Hawaii, the most important risk factor was blood pressure. Age was also significantly related to the incidence of total stroke, while the relation of proteinuria to total stroke was suggestive in Japan, significant in Hawaii. Conversely, the negative coefficient of animal protein intake was suggestive in Japan, significant in Hawaii and that of serum cholesterol was negative but not significantly so in either cohort. Coefficients of calorie intake per unit of body weight were negative in both cohorts. Neither alcohol intake nor cigarette smoking showed a relation to the incidence of total stroke. ECG evidence of LVH was significantly related to stroke incidence only in Hawaii.
No significant difference between Japan and Hawaii was observed in the risk factor coefficients except for ECG. That is, there was no evidence of a difference between sites in the magnitude of effects of the risk factors on incidence of stroke. 
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Animal protein and saturated fat were combined in an index of animal food intake as a single variable and multiple logistic function analysis was performed with other independent significant risk factors i.e., systolic blood pressure, calories/kg and age for total stroke, intracranial hemorrhage and thromboembolic stroke (table 6). The negative association between the dietary variable and total stroke was significant for Hawaii, suggestive for Japan. The coefficients for the relation to T-E stroke and to ICH were in the same direction, but statistically suggestive only for ICH in Japan.
As indicated, no difference was demonstrated in the kinds of risk factors and magnitude of effects between Japan and Hawaii. Therefore, the levels of factors in Japan and Hawaii were compared. Table 7 shows ageadjusted mean levels of each factor in Japan and Hawaii. There was no difference in blood pressure between Japan and Hawaii, but hematocrit, serum cholesterol, blood sugar one hour after a 50 g glucose load, and uric acid showed higher levels in Hawaii than in Japan. Body weight and skinfold thickness also showed higher levels in Hawaii than in Japan.
There were also substantial dietary differences. Intake of total calories, protein (especially animal protein) and fat (especially saturated fat) was larger in Hawaii than in Japan. While simple carbohydrate level was higher in Hawaii, complex carbohydrate level was higher in Japan. The intake of sodium was of interest in relation to blood pressure, but it was not possible in this large-scale epidemiological study to estimate accurately the amount of all dietary sodium. Accordingly, estimation was made taking as an index the amount of sodium contained in the components of foods (excluding sodium in salt and shoyu [soy sauce] added in cooking), and it was found that the mean intake in Japan was 4.6 g per day compared with 2.9 g in Hawaii.
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Discussion
The Japanese subjects of the Ni-Hon-San study reside in Hiroshima and Nagasaki. There are remarkable regional differences in stroke mortality in Japan, it being high in the northeastern region and low in the southwestern region including Hiroshima and Nagasaki. Therefore, there is a question whether or not Hiroshima and Nagasaki can be regarded as being representative of Japan. However, the distribution of the prefectures of origin of Japanese-Americans in Hawaii reveals that those with origin in Hiroshima Prefecture and adjacent Yamaguchi Prefecture account for 40 percent of the migrants and 90 percent have their origin in the southwestern region as a whole. This is very convenient for the comparison of Japanese in Japan (Hiroshima and Nagasaki) and the Japanese-Ameri- cans in Hawaii since this fortuitous circumstance makes it likely that the cohorts under study are genetically similar. It has already been reported that both mortality and prevalence of stroke are higher in the Japanese than in Japanese-Americans. 15 The present study has found that stroke incidence is approximately three times as high in Japan as in Hawaii. In both Japan and the United States there has been a fall in stroke mortality since 1968, steeper since 1970 and more marked in Japan than in the United States. There are no good nation-wide incidence data in either country. If the incidence data paralleled the mortality data, die effect of the secular trends during the time periods covered in this paper would have been to narrow any difference found between the Japan and Honolulu incidence findings. Since there is little difference between these two cohorts in blood pressure, the most important risk factor, the marked difference in stroke incidence is presumably attributable to other risk factors. Possibilities that come to mind are the differences in the serum cholesterol level; in the amount of cigarette smoking; in alcohol intake; the intake of sodium; and the intake of protein, especially animal protein; and of fat, especially saturated fat.
The role of tobacco in the genesis of stroke has been controversial. During the three large prospective studies of cigarette smoking 8 " 10 only one reported an asso- 
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ciation with stroke death in men. 8 In addition Hammond reported an association in women. 10 At Framingham an association was found only for thrombo-embolic stroke in men."
In Japan data relating cigarette smoking to stroke are also mixed. Some prospective studies were reviewed by Nakayama. 12 In the largest of these, smoking was associated only with hemorrhagic strokes in women. There was an association with cerebral infarction in one of three smaller studies reviewed. More recent data from a rural Shikoku community were also negative for a smoking effect. l3 In the present data smoking was a significant risk factor only for thrombo-embolic stroke in Japan (table 4). In view of the inconsistency of this finding and the modest difference in smoking habits between Japan and Hawaii, 2 it seems unlikely that smoking accounts for the difference in stroke frequency between the migrant and indigenous Japanese.
Previous reports from the Ni-Hon-San Study have indicated a larger consumption of alcohol in the Japan cohort than in the Honolulu cohort. 2 14 Greater alcohol intake could partly explain the greater incidence of stroke in the Japan cohort acting indirectly through its effect on blood pressure.
15 -' 6 Alternatively, alcohol intake could enhance bleeding in cerebrovascular lesions by its effect on platelet number and function, 17 or it could, through nutritional deficiency or some unknown mechanism, increase the vulnerability of the A direct relation of alcohol intake to the incidence of stroke, independent of blood pressure, was found for intracranial hemorrhage but not for thrombo-embolic stroke in the Hawaii cohort. 6 In a stroke survey of residents in Akita and Osaka Komachi et al 18 found a negative association of serum cholesterol level and intake of fat and protein with the incidence of stroke. They suggested that improve- http://stroke.ahajournals.org/ Downloaded from ment of nutrition is required for the prevention of stroke (especially in rural areas). In an experiment using stroke prone spontaneously hypertensive rats (SHRSP), 19 an association between stroke and nutrient intake has been observed such that mortality from stroke decreased with the intake of protein and fat. Both blood pressure and stroke incidence increased when salt intake was increased, but when protein or fat intake was increased at the same time, there was increased excretion of sodium into the urine, and stroke incidence decreased.
Pathological studies on cerebrovascular lesions 20 reveal small vessel sclerosis and atherosclerosis of the circle of Willis to be the two causes of cerebral infarction, but the frequency of small vessel sclerosis was higher in Japan while atherosclerosis of the circle of Willis was more severe in Hawaii. Figure 6 is a schematic diagram of the results of the analysis of this clinico-pathological study 2021 of autopsy cases. Small vessel sclerosis appears to be more closely related to cerebral infarction than atherosclerosis. It may be for this reason that the incidence of cerebral infarction is higher in Japan than in Hawaii.
Hypertension is a cause of both small vessel sclerosis and atherosclerosis of the circle of Willis, and consequently it is the most important risk factor for cerebral infarction. However, since there is no difference in the blood pressure level between the Japan and Hawaii cohorts, factors other than blood pressure need to be considered as the cause for the higher frequency of thrombo-embolic stroke in Japan. Elevated serum cholesterol level may be considered to be the cause for atherosclerosis of the circle Willis but it either has no relation or an opposite effect on small vessel sclerosis. In Hawaii where the serum cholesterol level is comparatively high, the frequency of small vessel sclerosis tends to be low. The nutrition level reflected by the serum cholesterol value may act on vascular wall structure by suppressing the onset and development of small vessel sclerosis and this may have resulted in the lower frequency of thrombo-embolic stroke in Hawaii.
Although not established because of the small number of cases of intracranial hemorrhage, the relationship to small vessel sclerosis appears strong. This may also account for the somewhat higher incidence of intracranial hemorrhage in Japan where small vessel sclerosis is more frequent than in Hawaii. However, the schema shown in Figure 6 must be considered preliminary, requiring substantiation with the accumulation of a larger number of cases.
Kuller and Reisler 22 reported the similar inference from the standpoint of geographical pathology of stroke in relation to the level of blood lipid levels and blood pressure.
The criteria for diagnosis of stroke used in the present analysis may seem weak in the light of the recent progress in diagnostic methods, such as development of CT scans, cerebral angiography and so on. This limitation was unavoidable, given the decision to base the study on cohorts over whose medical management the investigators had no control. In the Hawaii cohort, the collected laboratory findings and diagnostic test results such as angiography were not consulted in making the diagnosis for the present analysis in order to ensure consistency with the Japanese cohort, for which such information was not completely available.
Analysis of the incidence rates and the related risk factors in the same Hawaii cohort using the full material including laboratory findings and diagnostic tests results was published elsewhere. 6 The effects on the Hawaii data of restricting the diagnostic information were to reduce the overall stroke incidence cases from 182 to 126, to decrease the number of definite cases from 133 to 71, to increase the number of possible cases from 49 to 55, to increase the number of cases attributable to unknown cases from 15 to 18 and increase the ratio of definite ICH/TE stroke cases from 1/ 2.8 to 1/1.6. The principal effects on the Hawaii risk relationships of reducing the number of cases in the current study were to change the alcohol:ICH relation from significant to non-significant and the cholestero-1:ICH relation from significant (p < .05) to suggestive (.05 < p < A).
INCIDENCE OF STROKE IN JAPAN AND HAWAII/To/teya et al
